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RESULTS OF TESTS GA12 AND IA9 IN THE

AMES RESEAR6_IC_ITER UI_TARY PLAN WIND To_NEL$
?, i_

0N AN 0.030-SCALE MODEL OF THE SPACE SHUTTLE

-. VEHICLE 2A TO D_NE AERODYNAMIC LOADS

By

R. H. Spangler .i

Rockwell International _]

ABSTRACT ]
t

Tests were cau_ucted in the NASA/ARC Unitary Plan Wind Tunnels during 1
April and May 1973, on an O.030-scale replica of the Space Shuttle Vehicle !Configuration 2A. Aerodynamic loads _ata were obtained at Mach nu_.oers ,,

from0.6to 3.5. 't
]

The investigation included Tests IA9A, B and C on the integrated i
(launch) conflgu_tlon and Tests 0_2A and C on the isolated orbiter (entry
eonfiguratlon). The integrated vehicle was tested at angles of attack and ii
sldeellp from -8 degrees to +8 degrees. The isolated orbiter was tested
at angles of attack from -15 degrees to +40 degrees and angles of sideslip
_Tom -i0 degrees to +i0 degrees as dictated by trajectory considerations. .;
The effects of orbiter/external tank incidence angle and deflected control /I
surfaces on aerod_mamlc loads were also investigated. ]
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," , INTRODUCTION

The.O.030-t_caleAcre L_JadsZpace.Shuttle m_].olwn._tent,.:din the

_. Unitary Plan Wind Tunnels at ARC starting April 2, and continuing throu_-h
'" May 17, 1973 az follows."

i IA9_ ll-foot 'ITomsonic April 2 to April 14, 1973
OA12A ll-foot Transonic April 16 to April 29, 1973

_ IA9C 8xT-foot Supersonic April 23 to May i, 1973
{ OA12C 8x7-foot Supersonic MaX 2 to May 8, 1973
I IAgB 9xT-foot Supersonic May 9 to May 17..1973
{

I The testing was conducted in all three legs of the Unitary Plan Wind

I Tunnels to obtain a Math number range from 0.6 to 3.5. Aerodynamic loads

I data were obtained for the ascent and entry configurations. The effectsof control surface deflections were also investigated.

f
_ r£11.i.areport consists of 3 volumes of force data and 15 volumes of

pressure data for a total of 18 volumes arranged in the following manner:

_.!. VO_ME NO. COI_TEN_

}' i IAgA force data !
i::.l 2 IAgB and IA9C force data. 3 OAI2A and OAI2C force data
i 4 IAgA plotted pressure data

IA9B and IA9C plotted pressure data I
i 5 OAlZA and OAI2C plotted pressure data i
•°_ 7 IA9A tabulated pressure data

i il (b orbiter base
J (c) upper MP8 nozzle

!-i 8 IA9A tabulated pressure data

_J body flap

• lower wing surface

"I_ 9 IA9A tabulated pressure data

;i, left vertical tall surface

7 _ inlet .
¢ SRM b_oster base
!:
t i0 IAgA tabulated pressure data

:_'_..u (a ! SRM booster_,_: Ibc external tank.:' external tank base

:_"L

-..c;, -% •

..(, ', %.
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:nrmorczo (corrrz m)

ll IAgB tabulated pressure data

b orbiter baseupper MPS nozzle
OMB nozzle
bc<v flap
O_ pod outside
lower wing surface

12 IAgB tabulated pressure da_a ,
a) upper wing surface

b I left vertical tail surfaceC, right vertical tail surface
d) A_J _nlet
e) SRM booster base

external tank .,
external tank base

13 IAgC tabulated pressure data

b orbiter base
upper MPS nozzle
GMS nozzle

bod_ flap
O_ pod outside

14 IAgC tabulated pressure data

upper wing surface

right vertical tail surface
15 IAgC tabulated pressure data

SRM booster base
SRM booster
external tank _:_
external tank base ,,

16 OAI2A tabulated pressure data

b orbiter base
_,_ upper MPS nozzle

i!! OMS nozzlebody flap

O_ pod outside

";%.'_ .,. ':.: / ['_:/_,_o'..: ..22_' ._' .:_.' .- :. - . -'_ .. . • " .--." ............................ "
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' (co cmDm), INTRODUCTION
i

i:

i

,'." 17 OAI2A tabulated pressure data

_, upper wing surface
I_ left vertical ta_l surfac_
I: right vertical tail surface
il A_J inlet
_! 18 OAI2C tabulated pressure data _:J
-I All components

:-5

" I0

j._.-.v

i,.;! .... -. /_'_',Lr::_,".'_,.. '........ . '"" _"._' ',. i._'' _ "':.... ./o;,.... ..... ,. .- "---' t"" _.. '" ., ,..-- - '- _,'. ., .' ....... :. , . ... ;...... . , ;...... . - . . ,
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t!

___ Oenerel
...¢

., 8ADSAC

s speed of sound; m/sec, ft/sec

" _ CF pressure coefficient; (Pl " Pm)/q

M MA_ Msch number; V/e

!!__ p preaau.re; _/m2, psf

::_ q Q(NSM) dynastic pressure; i/2pV2, N/m2, psf
QC sF)

_/L P_/L unit Reynolds nt_mber; per _, per ft

V velocity; m/sec, ft/aec

ALPHA angle of attack, degrees

BETA angle of sideslip, degrees

PSI sng_le of yew, de_rees

PHI angle of roll, degrees

p mass density; kg/m3, sluga/ft3

Reference & C.G. Definitions

Ab base ares; m2, ft2

b _REF wing span or reference span; m, ft

c.g. center of gravity

_Y LREF length or wing meanreference

c aerodynamic chord; m, ft

S SREF wing ares or refererce ares; m2, ft 2

MRP moment reference point

_P moment reference point on X axle

moment reference point on Y axis

_P moment reference point on Z axis

_CRIFTS

1 local
a static conditions
t total conditions

free stream

11
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i.
i N_CLA_q_E (Continued)

Bod_-Axls System

SADSA¢

S_OL SYMBOL DEFINITION

' CN CN normal-force coefficient; normal forceqS

i_ CA CA axlal-force coefficientl axial force
" qS
i'

-._ Cy CY side-force coefficient; side force
! qS

,=_"_ CAb CAB bose-force coefficieat; base force_ qS

"!" -p.)As

-J CAf CAF fc_ebody axial force coe 2ficient, CA - CAb

_ Cm CIM pitching-moment coefficient; _itchin_ moment

i

i_ Cn CY_ yawing-moment coefficient; yawing moment

C_ CBL rolling-moment coefficient: _ moment
" q8%

' Stsbilit -AX_ s System i

il CL CL lift coefficient; lift i

d_8 _
CD CD drag coefficient;

CDb CDB base-drag ccefflcient; base dma_qS

CDf CDF forebody _ag coefficient; CD - CDb

i Cy CY side-force coefficient; side force

qS

Cm CZ/d pitching-moment coefficient; pitchln_ moment

:. ;_._ Cn CLN yawing-moment coefficlent; sw__wingmomentqSb

!--_"{ ('_ CSL rolling-moment coefficient;r°lling moment

_ :_i'i" 'tSb

:-;:_ L/D L/D lift-to-drag rstio; CdC D

i:it'. L/Dr L/DF lift to forebody drag ratio; C_CDf

4

_'_t
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_:_ NOM_CLA%URE (COI@II_JED)

ADDITIONSTOSTANDARDLIST

ili}L,., .

i: t' S_4BOL S_4BCL DEFINITION

LR RUDDER rudder, surface ectiom angle, positive

_:Jl deflection, tra._ ,g edge to the left; degree_.

'ii_: 8e ELEVON elevon, surface defle-.tion angle, positivedeflection, trailing edge down; degrees.

LRF RUDFLR rudder flare, split rudder deflection angle, left
split rudder trailing edge left and right split

rudder trailing edge right, 8RF = (LRL + 6RR)/2 ,

positive deflection; degrees.

ORBINC incidence angle between the orbiter and externalio

tank, i 0 = a t - at; degrees. _"

_T BETAT angle of sideslip of external tank. i

I_T AIPHAT angle of attack of external tank.
1

LB LB length of orbiter body; in. i

LT LT lengta of external tank; in. 1

s LS length of SRM booster; in. :I

_NM I_M length of 0MS nozzle_ positive direction foxnz_rd
of exl/t plane; in.

_NP L_P length of MPS nozzle, positive direction foxn_ard
of exit plane; in.

b/2 BW wing semi-span; in.

bv _I vertical tail span; in.

x X distance from component nose; in.

y Y latera __ distance from centerline; in.

13
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NCMENCLA_]RE (CONCLUDED )

PLOT
2"_4BOL SI_4BOL DI_INI_£ON

"z Z vertical distance measured from W.L. _(,,](ce_.t.!.i
tail reference root chord), in.

c_.; CW local wing chord; in.

cv CV local vertical tall chord; in.

X/_B X/LB longitudinal position/orbiter body length.

X/_T X/LT longitudinal position/external tank length.

x/_S _IS longitudinal posltlon/booster length.

L. x/_I_4 _LI_4 longitudinal posltion/OMS nozzle length.

x/_Np _I_ longitudinal position/MPS nozzle length.

_ x/% _CW local chordwise position/local wing chord length.

=, x/cv _CV local chordwise position/local vertical tail
chord length.

=!_" y/b/2 Y/N¢ local spanwise position/wing semi-span.

Z, z/bv Z/BV local spanwise positlon/vertlcal tail soan.

!

=}:

--i[

• I

r,
--g

i
N

--i<_e

2
%.

h

'i_

. 4'
o,

'1
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iiI CO_IFI_TIONS IaVESTIGATED

= i The O.030-seale aero loa_s model was a repllc_ of the Space Shuttle
7_ Vehicle 2A. It consisted of four major components: the orbiter, the
,..,I external o._gen and hydrogen _ank (ET) and two solid rocket boosters (SRB).

On the ascent configuration, the orbiter was strut mounted from the
ona TaskCorporation 2.5-inchdiameterinternalbalance. The

left SRB _as strut mounted from the ET on a Task Corporation MK XXII 1.5-
inch diameter internal balance. No attempt was made to simulate actual
inter-attachments. The ET was sting mounted to the tunnel model support
system on a Task Corporation _.O-Inch diameter internal balance. _e
right SRB was strut mounted symetrically to the left side, but did not
contain a balance. The orbiter configuration, designated as 02A, con-
sisted of BlOCtDTW87VtRtM3F_.

The entry confi_atlon consisted of the isolated orbiter, sting
mounted to the tunnel model support system on a Task Corporation MK XXA
2.5-inch diameter internal balance. Midway through the 0AI2C test, the
MK XXA balance was damaged and was replaced by the ME XXB for the high
angles of attack. The orbiter was provided with deflectable elevons by
means of interchangeable brackets, deflectable rudder by _eans of a pin-
indexed hinge, and interchangeable rudders to obtain different speed
brake flare angles. The main propulsion system engines were removed dur-
ing entry configuration t_sting to provide sting clearance. A cover
plate was provided for the strut clearance hole.

The orbiter was instrumented _Ith 374 pressure orifices on the left
wing, left side of the fuselage, vertical tail, left CMS pod and engine,
left and upper MPS engine and the base. The pressures were measured
using eleven Scanlvalve, Inc., S-type valve modules mounted internally
(a five and a six gang unit ). When tested in the entry configuration,
the _S pressures were not available for measurement.

The left side of the ET was instrumented with 136 pressure orifices.
These pressures were measured by means of 7 Scanivalve, Inc., S-type
valve modules confi@_red as one unit of 6 modtulese_idone single. These
valves _ere mounted internally in the tank. The left SRB had one gang
of six S-type modules to measure 102 pressures. The right SRB was not
instrumented. The pressure transducers used in the valve module_ were
Statham PM 131 TC differential pressure transducers, with ranges of +_iO
psid, +_12.5psid and +_15psid. Reference e_,dcalibration pressures wer_
measLu_edby the ARC micro manometers.

Some modifications were made to %he model at the test site prior to



: ' i"

C0NFIGURATIO SII TIaATED(CONTII JEO)
/

ii_I testing. These were as follows:

i'<i_;:i I. The forward tip of the ET contai,_ing the retro rocket package
}:!
:] (Reference NR Drawing VL78-O00018) was replaced with a flush
°;i 0.90 inch radius nose (Model scale). The new nose had five

%i:_Jl pressure taps; one in the nose and four more aft of the nose......_ on the vertical s_idhorizontal axis on a 0.315 inch radius.

],_i_i!! 2. ?JomET balance cavity was enlarged by one Inch on the diameter
5 inches to 6 inches) to provide clearance for cable

_ routing and eliminate balance interference.

3. The clearances around both the orbiter and the SRB struts were

opened to approximately 1/8 inch to prevent interference.

_. An alternate rudder hinge pin was provided to give a rudder
deflection of +15 degrees.

Before and during the tests various me%el discrepancies developed
or were discovered. These were generally minor and had only a negligible,

if any, effect on the data. Significant discrepancies are noted below:

;_._: i. Pressure orifices PIT1 and P173 on the _S pod base were i]omitted.

2. During the test certain pressure taps developed leaks or .,

became plugged. Data from these taps are questionable and I

should be used with caution. Difficulties in checking may
have resulted in erroneous indications of leakage. Repairs

were made to correct leaking or plugged pressure instrumenta- _I

tion, whenever possible, as the test progressed. The follow- I
ing list gives those taps that were indicated as bad on the

various leak and response checks: '!

ARC Facilitv Run Nos. Orifice numbers with questionable pressure
data

ll' 2-4 72, 163, 427

--@_.: 5-I18 31, 100, 123, 163, 201, 427

-':-:;;_!_:_ 119-160 16. 98, i01, i07, 333, 427 ]

;';;:_"i 161-170 16, 98, i01, 107, 333, 427 + 306, 307,

;_,,.:_;_ 327, 328, 336, 337, 556, 357, 375

.,. 1,6

:" S<".: I

a....._, ._.'",. . ,a-. '/
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,, Otifice numbers with questionable pressure

"__ ARC Facili.%_. Run Nos. data

:_"_ 11' 171-182 16, 47, 53, 75, 78, 98, 107, 201, 236, 237,

"I:"._,_. 1 238,307,327,365,427

.,; 183-189 Same as (i_,_-182) + 7, 4_7, 525

....!, 190-2!i Same as (171-182)

i 8'x7' 220-234 20, 21, 24, 74, 326, 327, 336, 42_, 427,
i,

_,_ 752, 868, 871

If: 235-285 7k, 326, 327, 336, 424, 427, 75e, 868, 871

't 286-300 7_, 107,115,12_,129,138,326,327,336,

L<,_
"-:_,i_ 301-305 74, 326, 327; 336, 427

)

..... 306-333 7_, 326, 327, 427
:-_"

:!_<_ 9'x7' 340-396 85 ��X�È327,424,4_7, 526,752,868,

"_-°

<4,'.:

,, $

t

--_._

,I

17 1

_, _. "t%. I
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:;"i! TEST FACILITIE_ D_CRI_TfON7
%

_',) /,2.oz ll x ll-Ft, Transonic

_. %_i,:.Amen ii x ll-Foot Trsn:3onicWind Tunnel is a variable density,
"i:i', closed return, continuous flow type. This tunnel has an adjustable
;} nozzle (two flexible walls) snd a slotted test section to 0ermlt

- _t transonic testing over a Much number range continuously variable
from O.k to l.k.

']j. _mes 8 x 7-Ft. Supersonic

._<ii! The Ames 8 x 7-Foot Supersonic Wind Tunnel Is a closed-return,
variable-denslty tunnel with a 8- by 7-foot rectangular test._"_

_!_I section. The nozzle has flexible side walls with fixed upper and

lower surfaces. Much number range is continuously variable from

_>.., 2._5 to 3.5. Tunnel stagnation pressure can be varied from 0.3 to
2.0 atmospheres and Reynolds number per foot varies from 1.0 x 106
to 5.0 x 106.

,_, Ames 9 x 7-Ft. Supersonic

;,/._ The _me% 9 x 7-Foot Supersonic Wind Tunnel is a variable density,continuous flow type with an adjustable nozzle to permit supersonic
i'_'_ testing over a Much number range continuously variable from 1.5 to
_:!_ 2.5. The nozzle is of the asymmetric, slidlng-block type in wkich
_:_( the variation of the test section Much number is achieved by trans-
r,_, latlng, in the strea_mlse direction, the fixed-contotu• block that

_I forms the floor of the nozzle.

1

-'==-__ ' ,:.'?I

.:_,,,",,

% 18

-'<

"." _'." ..., ............. .. -.. _.- .... .../..i:i?-.:.<.dI.: _->:'21-.^" ,' _" .- _' ;. "'" ' ' " " " _, i " .',, ...i. -.-" ,. ". ,.-"' ' ;o ,,"" ,;k. ,. , v', .,. : •..<, % .. : .'" "' '":_ " _, ',, "" '. " . ':..-., _' ._, "'""L.- _.,, ' .<'u, " ....

........ " O0000001-TSBIO



il_ DATA_C_ON

' Stm,dard procedures were utilized to reduce force and pressure data
_.' to coefficient form. The following dimensional constants were applied:
i:

Reference Dimensions and Constants

,I' (Model Scale)

! SRef. = 2.k21 ft2 Orbiter reference area

i _ef. = 39.8_9 in. Orbiter reference length
L

i,
_ Base Areas (Model Scale)

_-.i. ABOI = 0.1903 Ft2 Orbiter base area, integrated

i_ ABOA = 0.2362 Orbiter base area, stlng too,rated

'I. AN = 0.0417 Orbiter upper MPS base area
• A"

1 A_MPSL = 0.0853 Orbiter lower MF3 base area

ii ABACPS = O.O310 Orbiter ACPS base area on 0MS pod

1.3
_o ABOMS = 0.O231 Orbiter GMB nozzle base area

_ ABPOD = 0.0257 Orbiter C_ pod base area

5
ACO = 0.0611 Orbiter sting cavity base area

"r

_ ARNOZ = 0.0564 SRM nozzle base area

;! ABSKIRT = 0.17_9 SRM nozzle skirt base area

_._ A_-_ = O.3189 ET Base area

• _, Ach_ = O.196_ ET Sting cavity base area

'C.

! 'i,

[/jl

J

" '_"_/_',_. , ' :,_:' _,9"" " ''L'v_:'_ - ',' " _,'" _ ,' ,_ ........ ".' _" - _:,; .... ',,",._, ;_,, "_ % .-- -_-,,_'I.-o--
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/__ "}')".,•,,_ TEST = 0/9I'_-- _LA_III._I DATE = Mr_y,....(:_

TESTCONDITIONS

'i

i" REYNOLDSNUMBER DYNAMICPRESSURE _TAGNATIONTEMPERATURE

:._ MACHHUMBER (degreesFahrenheit} J,,, (petunitlength) (p0uMs/sq.£out) ,
t, i n

1
o,_ • _l.s" 8o0 I
J.I . ,t,o f Oo

" . 1,2,_" . 3,o .... _ 8o . . i_
:. I. _l 3.0 6_o
' 1, o-_" P-,9 bco ....

:-_ _ s", R,o ,_oo,, ,

,_. i i aw,

: ""'i* m

_":.!i , ,,

27i

;:} .BALANCEUTILIZED: _317"_1 C.,_c,/7-/_'g _F$ _o¢..x_o_._J,5
J

="_ 2..q_oI /,2.,*_-._,_- N_- dooo _ooo gooo

o:_ _ 3000 3ooo _y,_o l,.z.__ q_oo

.-c.:,- y#. I._-_o I ._--oo 1,1,_o O'-ao _o O0
i--.)'..,',;

':_!..

....:_! _ qooo _/o,x_ ,./o_.,_"_iooo ,./0,ooo
:-i 5/_ __ .._,x"; ._,,_-" n,,_-" I.5-" ¥.o"• I
_;%? i

'::.:[!i COMMENTS: "T'O_" :_.e,c,__I, ,_.,_v _,/e. ,_',@L,9,'u'CC _0,_

.I,'

-._: .,_

..... ..... ;....... .'t.;"'t','".;.'..,'. '_'" "'. ,t",_'_. "'_i._,,',_y'-_''., I".'_" _.t . .'_.. t.-..;.-_-.-:7._'._.-.,,'_-" "_;.-'-!,.!. "'-;:-_ -'.: ,.--" "_...... xl_, . _ _" .... ,''_; .:v".',, ""::.T_._:_, ._.'-,_ :'.'" ;'",_"'_.".* ,_[',''., ".'_

O0000001-TSB12



H

°° !

O0000001-TSBI3







i-;:
• I

!'--i ulll it I[ i n I Ill I il

•; T_ST RUN NUMBERS _ i
..... I | J J I L (_

, ,l,k!, , ..,i !1 tl, _ ,.1 : t ..t I I , " - I
T • • •

• i : ' ' , " >) , ' i I " ' : a

, ! ! j _ , .
, 1 [ _ _ -- " >.

i

i"_i ' _ _ i - ii' : - °- "
I i I j • |I [ I I a .

l i l 1 ' ' ' Q
; p -' I _ u ' 'q _ • .

! , i ", j _ ! T ' : ' - .
, 1 I i i I _ ! _ ' ,,(

> ! i ' ' ""

c _ _ _ _-,__-_ -.9 _ _ '

,_ % ,,! I ! : _ "J-

' l _'- i,iJ
..,- I I I I t " _- : -'

c '_ '_ _ .! -- ., ] : : , :- , . _E _:: I ' " : _ I : : _ "

: , . : i ¢

• i ' ' t ' "" _ ' .....- l'__

= _ _ _ . •

i _ _' ' '

' _, ,'i,,' i t,,_ _ ',,, ' ' _

•! _ I _" ,
i ' 1 -. := .
, v ': I --- ', . i,

I
: ,

_ _ _ , , " i '
! J _

I

" _ _I,_ _ _'_ '" _ ----
I' F _ ' ' i ' !

. _ _; i I ,, l . [ .... i

'-;},

; %-_,._.;..::_'%_','.."}_:';_"_i',;_","___'_._;;_4.:.._!,r-,_:._'_'"-.,,,.-,_;d_-,_,_,._.,,,_._,.-,.-...........,.._•=.,-..,k..._,-G.T.,;:,.;;.--.";;.": ;.-(-":-......................,............................._. ,.,""
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. TA_T_ III. MODEL CO_ONE, NT DI_IONh/L DATA

i_! HOOELCGHPONENT: BIO _d_ •
) : • •

I gh;+: . 2 per),, :. GENERALDESCRIPTION: P_se_J_ge, A Con£i_ation, _might Orbiter,

Rocl%_el! Line_ VL70.-:_XX)089"13,"....:, _ , . nnt ii Ul m ___ j_ • ii

i:;
: _,v _ .... 2T, -- 2 2 _ _ lJ m IL

Scale Model = .030
-el:, , i m ¢ i i iml , i u ii1,1__ _JjU n,m I ,, ,, ,,, Im ,i

i:.i VL70-000089 "B"
+:) DRAWING NUMBER: VL70-0OOO92,93, 9& "A" ..

/i- DIHEflSIONS: . _FULL'SCALE__ ,. HODELSCALE
P "
!

"i :! Length.._._ _ " 39._,_

+, Max. Width ..,..IN (e_,o - 1528.3) 26_.0 ?...9_00.
o

- Max. Depth _Z_. (¢_ = 1k80.52) 2k8.0 7._00 i .i

_ _("

-:l:_ Fineness Ratio 5.012 5.012
.,_) ." I I I. _ ,in

_ --"- r_-a,-...._._ _ •

:::i;' X " /o76: • Ha . Cross-Sectional .h •

Planfom ......

J. Wetted
---_ UL . I -- - - J

-_ B,.se .......... :• * A I* .'+* + " • • ' • .-

+'_: +.. :... ..... "2.;.. ..,. .: ".

+ + '. " • " • • . ." +.*. _+ "

_ 2i"

,%

:i_,

i) " 33

+/::i'

+?'+'', _ ""_P'I

:1%

...... :+ + : +n: ": :,+ + ;_" h+: ." 1_ ,' :];_ " _+" _:2 '" + ?''_ r'_ "2+_ .:: ..... :+ .: + ": "h:,. +' ;nl. "' +'+ ' ' .. +++:5" :" _ h'_ +" .: ". ". ''_'d .......+ ' '_ +hd." ..: :+_" • ........." + . ++'.4 +'+ + + _:._._' ::"'' . _:,_: 4 ' " : + ,1 " ', +' +:+ ' ' ' ' ....... . ..... ' " "]+4,;, '4 " _ + ,..''_:" 4"_" _'a +'tl_+.
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:

":. MODELCOMPONENT: e.nn_v - C_ .............. : ...................

" :, GENERALDESCRIPTION: ?A..Con_±£_u_ation pet':Lines VL?O-OOOG02
.!!'
J

-...

_' * T_-_-__:_ L ....... I I . I ml_ ,ll i I i _ ,ill . J| vl _

, <' • •

i Scale Model -- •930 : : • _:__ -.... = _

.:.;_: p_Wlr(G r_UHB[R: ._V_?O-600o92 .

;

._!: DIMEtIS,IONS,:I , , .. :FULL'SCALE. MODELSCALE
.f

'.A

.:i Length (STA_ Balkhe_d) 391.0 11.730

":.i::,.... Max. Width (T.E.ealk.head) 560.0 . 16.8001_r,
,, J:

_:: Max. Depth (WP = _2.9 22 t_o = 500)

";::_,_ FinenessRatio • - wl
h'

-_' Area

:_: Ma . Cross-Sectional
. .,',+% :: : . ] i!1 i ii ii

-"_'_" Planfo_

:<:.:-:i Wetted _.,
;.':I: , • ... ".

•:_:, Base " '.>,. • .......... ......

• .

-<,t" : ," ." ."_... • _.*"

:<2;,

'o" _'

L .3. "1<::., ..

_,;

,, .J:',. .,

'A

:'_ u t,

:;i":' . ' g ;,2:.-. .,:..,.:.:....--..

.... ............: .........": 00000001-TSC12
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t
HOOELCOMPONENT:_tOr Ho,_i_ .I_,?, - ......

1

: GENERALDESCRIPTION• 2A Con_i_ration: per RockwuL1 I_ae VL70-000093; ...... _ i _ L ml

_. . i i t ii L J, .U ' J _ _ JL .___,..

Scai_ I',,-__el= .030
I -,! i • H|i t i , t i t 11111 E _ i

._=

DRAWINGNUMBER: VL?O-O_93

-,. DIMENSIONS: FULL-SCAL._E MODELSCALE

Length _- IN. 081.00 26._0ii lib

. 14ax.Wtdth...I_I. 51.00 _ 1.530

:. Hax. Depth-_-I_I. 23.00 ,.. ,690 _ _

Fineness Ratio .... _

Area

Ma_ Cross Sectioal• . - n o , ;

Planfom

_,: Wetted .......

: . .Base .... -

• ..- n _',,s'e'le,-; " . , "_.. ."............ " " '

-_ " " SO:. WP == 0.0 I_I.t'5

_, X.&26.0to 1307.0IN.FS
-_. fi

, t

.- 35
i

I

.:'5 'V,

_C,'-'":,',"_,'.''?'t_ ....,.....-,._:;-.,',_'.,"c'_',-'-;',----_'...--_,,--.- ....._'*,-,,

00000001-TSC13



MODEL COMPONENT: WING-W_ Ny_ I_tghtW_Orbi.t_._j_.......................

GENERALDESCRIPTIONI_r ConfIj_twationPer kLDes VT2O-CKJO093.

N6_E-_D_hedral An_le is d_f.lpeda,t_t.the_lowest:_r_'ac__: the_Wing-aL the 75.33%

p)_m.nt ]in. pro lncte_d iDto a plane pePpe:-ndic_u]_tr_............

_2___4ndal = .0q0 ...... . im I ........ • - - u D,,,, ] _ i , ..... ] i

D]MENSIONS: FULL.St.ALE. MODEL SCALE

TOTAL DATA
--lI-g-Ctheo.)Ftz ,,

i PIanform R690.O0 2.421_ )_

Span (Theo In. 936.66; 28.100_0. ,i
Aspect Ratio :2,_265 ,2,.26_ .... _:_
Rate of Taper .I.)_77 1.177 .... ;I

Taper Ratio 0.200 O.2000 iii
' DihedralAngle, degrees 3._5o0o },_o0 ;_

IncidenceAngle,degrees 3.000 _ --+3"00 - ii
Aerodynamlc Twist_ degrees 3.500 +3.000 ,_,
Sweep Back Angles,degrees " _

, Leadtng Edge _ A_O0 )!
TralIing Edge -i0.2/, ,-i0.24_
O.25 Element Line _.__ _ 35.20? [

Chords: I
z, Root (Theo)B.P.O.O. _ __Co..
_= Tip, (Theo)B.P. Y+68)_ _ _ )
-_i' MAC _ _• q

iJ Fus. Sta. of °25 MAC _ _ )
_ W,P, of .25 MAC _299.2U

-.I" 183.13 B.L. of .?.5 MAC , _1__ _5._6_9V
::_ EXPOSED DATA

-:i - -Area-[Theo) Ft2 1752.29 1.57706
..-;. Span, (Theo) In. BPI08 to &68.%1 _ -21.620_.0
:I Aspect Ratio ,2.0_8 2.0_8
%_ . i i

-.), Taper Ratio .2&51
:..;. Chords

....!: Root BPIOB _

LC! Tip 1,00 b 137.8_ _].3550 .
v, _ 393.03 LT.79U90
" MAC i)

. FUS. Sta. of .25 MAC i18s.31 __ J
• W,P. of .25 MAC ;300._7 _.ou6.,!
>. B.L. of .25 MAC I&3.76 . 4.31;')0
" AirfoilSection(RockwellMod NASA) "

....2. XXXX-64
"; Root b = ._5 .i0____ .._!0

b = 1.00 12 __12 .....--.

:i.; Data for (I) of (2) Sides
._: LeadingEdge Cuff 2
_ii PlanformArea Ft" __ T__
,::: LeadingEdge IntersectsFus M. L. @ Sta _)6o Q _;k_,_..
',: LeadingEdge IntersectsWing @ Sta _ .-i_..._.iL--.

'-v'
.. %

,%

......._'_" "...............' ........_..................................." ....."" ........... " "- :,::.,-w:":.:-'-_'__","::,-y.-,,.:_.::_,,i,_-_.:::.:"::,.;/_-5;":.':/"<":_:.":_,.:':"
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TAe_ IZZ.(_Om_UED)

MODELCOMPONENT:mdwen X-le

GENERALDESCRIPTION: _ Co,_ei_eurat_onPee w-_ ReeVe11 Z_LnesW. ?O-OCX_n93

D%ta _or (1),gf (2) Sides ...........

± i ,i m , m, , , • i i

Sca_eModel -.o3o ........

DRAWINGHUMBER: VL?_._x_93

DIMENSIONS; FULL-SCALE MODELSCALE

Area,_._T2 . 205.52 , ,18_97 _

Span(equtvalent),.,..IN. _53. _ 10.60020

]nb'd equivalent chord 1_,?8 _._3&o

Outb'd equivalent chord 55.00 1.6500

_tto movablesurface chord/
to_] surface chord

At Xnb'd equtv, chord .._0.8 .2o8

At Outb'd equiv, chord ,400 ._oo

SweepBackAngles, degrees

Lead|ng Edge o.00 __

Tatllng Edge _

Htngeltne _ O_oo

_; Area Moment(Nomal to htnge ltne) 1_,3 15_8.o? .0_18o ;
:_ Product of Area Moment ;

:

37

-"\ t.t'

('lrlrlrlrlrlrl i _T_nr_
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_:.... MODELC6_PONENT:VERTTCAL-V5 __ght Wei_ht__iter Co_i_p_ation)

,--_.. GENERALDESCRIPTION: , Cen,terline Vertical Tail, Doable Wedge__:Airfoil with Rounded

i: Lead_g _ge: . : : _ : i] i Jl J _ i i • i ii _ J __ -- : :

:_. , i ._ w MI= i i l | _ _ | i . I i[ ii i i i

: _' Scale Model = .030
xl, -- : ± J ii i i _ j jl i i _ ll i i i j i_ I I , i_ i • i u i i

i...!. DRAWINGNUMBER: VL?O-O00095_- T __ | I I
= )',

.OIMENSIONS.: • F__L-SC_E MODEL.SCALE
i-" TOTAL.DATA

'i Area (Theo) Ftz _3.2_ .,

• Planform -_-_ :
Span(Theo) In __!_.'72
AspectRa.'- 1.67} - .
Rateof Taper ,0,_07 0.._07.
TaperRailo " .&Ot_ ,_o&
SweepBack Angles, degrees

LeadingEdge _5.000
Trailing Edge 26 26.2Jt9 ,
0.25 Element Line _ AI.!_O _

Chords:
Root (Theo)WP __268.50 8.0_00
Tip (Theo) WP 108.47 " 3.25_I0 _
MAC ,'199,8.!_ -_;7%30
Fus, Sta, of ,25 MAC _ _.3.(_0500
W. P, of .Z5MAC _ 1_,06_66
B, L. of .25 MAC 0.o0 0.00

i _ i

AirfoilSection
LeadingWedgeAngle Oeg 10.000 I0.000

iiil Tratli ng WedgeAngle Oeg ,_._,_Leading EFdt_eRadius IN. 2.00Void Area 3T3T_.IT","T- _.0L18"----"_

i_! Blanketed Area 1_2 1!2.67 .OleO

: _

: _"7
_---..",. 38

. .pt-

;k,,:

! ,|,_,

,fv,: ,.,<:

:,..,:.. ..",_:..,.....•.........,......................................,....::..- ...... ....,:... ..... •.................. -.-.::....... ..
.... '' ..... ' ' 001-TSD02":".................... ' ooooo



DRAWINGN_BER: VL 70-4300095_

DIMENSIONS: _CULL.-SCAL_ MODELSCALE

Area _. l_t,2 , _106.38

Span (equivalent) _-XN. _

lnb'd equivalent chord _ _.:_.755 ....

Outb' d equtvalent chord .._Q.833 _

Rat|o movable surface chord/
total Surface chord

At lnb'd equtv, chord 0./_00 _D.J_(:iL___.

At Ou_b'd equtv, chord _

SweepBack Angles, degrees

Lead1ng Edge _.83 3_,83_

Tatllng Edge 26.2_

Hinge1'1ne _3_. 83 .. "z_.83

Area Homent(Nomal to htnge 1tne),_-1_3 526.13
Product o£ Az'ea and Mean Chord







__ TABLE III. (CONTINUED)

_: MODELDIMENSIONALDATA

MODEL COMPONENT :._S_-Booster Solid R_)eket Motor

GENERAL DESCRIPTION, .PA Confi8%_atton Per Rockwell Lines _Tr-O00012

: & VL72-000061 "B"

BOdy of Revolution; Data for (I) of (2) Sides
"_,= t ., t

Scale Model = .030

DRAWING NUMBER _ VL 77-000012

(

-_ DIMENSIONS: FULL SCALE MODELSCALE

=_ Length -IN. 1732,0 51.96
_._'

-[-r Max Width (DIA) IN° _ Tank 1_.2.0 _ _.260

N Max Depth(DIA) Aft Skirt 259.0 T'TT

_ 6.
=_ Fineness Ratio L/D 6.687 687

=i Area - Ft,2

4 Max. Cross-Sectional (Skirt) _6_.87 • 32928
:11 Planform

. i._

=ji_ Wetted .....

•" Bass

?,

=},: Ref.

_ FS (Orbiter) = O.OO = 747.99 IN. ET = 200.0 IN. BSRM
J_

-+ WP (BSRM) = WP hOO(Orblter) - 344._13 = 55.587 IN.

L 4

•_ BP (Orbiter) = 0.00 = 243.0 IN. BSRM
f

"4

%

- r- _

jo".

..... .... '.- ' , .' _.:" : _ .:':._.y,. ', ,..: ;; 'q ',,2_'" _",:".._'_,/,.:.'"/ _,..t[..'."_t,"'/._, _',. ;;_',: ',,; 2 ,i. ." *_.;. "*:' "_2 ...'i_", " ,P
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!_: _BLE hi. (CONCLUDe)

"_'" MODEL COMPONENTs EXTERtlAL TANK - T9 .'
_r II I I L __ I m i ii i i __ -- ; C _ __ a i i i1• ?

-_. t,
Ji], •

', GENERAL DESCRIPTION: _% Configur_tion

, NOTE: T9 identlcol to TS_.';/O r_e_tFq pkg. nose w/30"N F,S.

"_..I' URAWING NUMBER NONE

:_ DIMENSION: FULL SCALE MODEL SCALE

!-iJii' Length - IN. _ ,55.7&u

f-_!_ Mox Depth ""
_.4e.

. FlnenessRatio L/D . 5.73&.... 57 , 5.73&57,.

Areo- Fr 2 " ,

Max Cros$-Sect|onaJ _ -- O.515_0____

' Plonform "

, Wetted

B_$e ' " "

Nose,Radius,IN. ....• 30,0_ :



+%. +,,,;k....
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_ _,_ _ _ ,

. ...._"L_, .-_ _, .._r IX'_ ,.,_ _£_, .._ L,_

__ oo • __ . .,,

: _ _ OJ Od OJ 0,I _ 0,I 0,I! 0.I OJ _ .-,._

0 _ 0_0.1 _0¢_1 ,.-,'_.-.,--_,u-'_,_ _ _:_

-iii o o o o
o 0 '..._ _ .._ .._ _ ;:_

r-4 0 ,:,1"Ot£'_ (','1 _ CO (:_ _'

,'r-i

0 _ O_ r..._

. _,_o_ '

_,__.._- .o_oo_
I

' " '' " """ '"" . :" ': '"' "'.'.'":" :"J': "'.. '"" .... '"; .... _.... _.'_''_'_""'"... " "' :.'",,'_'?":::"' .- ' :'.. '"".:"'"" ::'.:._"":" : :'_-'-"_:":::L::;.:_:-!:"_::',:" 'w' ' ::7"._'.i-': _--"_--,_ -_.'---.-:.,.-__-:.'_"..... _ -,--- , ._
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I

i._

'i:t

tfi: IJ, V:' L:'RM
l

, I sRr,__'I'ATION~ XS _ .LDEa
_i FULL MODEL XS/_S 0 Iz5 90 135 180] 225 270 315
I , , ,4

•!: 200 6.oo o 810
_ 260 7.80 .03h 811 812 813 814 815 816 817 818

,_ 370 ii.i0 •097 821 822 823. 82k 825 826 827 828400 12. O0 .114 831 832 833 83k 835 836 837 838

_:':I 450 13.50 .lh2 8hl 8k2 8k3 8hL 8h5 8h6 8h7 8k8

• 2!Ii 550 16.50 .199 851 852 853 851 855 856 857 858
700 21. O0 .284 861 863 865 866 867 868

-/_ 850 25.50 .370 871 873 875 877
1050 31.50 484 881 883 885

.... 1250 37.50 •597 891 893 895
;i;_I_ 1450 _3.50 .711 901 903 905 907

_!i' 1650 49.50 .825 911 913 915 917
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